We have derived a secondary structure model for 16S ribosomal RNA on the basis of comparative sequence analysis, chemical modification studies and nuclease susceptibility data. Nucleotlde sequences of the E_. col 1 and B. brevls 16S rRNA chains, and of RNAse Tj oligomer catalogs from 16S rRNAs of over 100 species of eubacteria were used for phylogenetic comparison. 
INTRODUCTION
Our understanding of the mechanics of translation today is all but rudimentary, despite two decades of Intensive work on the subject. This may reflect the complexity of the mechanism. Yet, it may Just as well reflect misplaced emphases. There has been a strong tendency to picture the ribosome function as somehow defined by its protein components, which Is partly responsible for the heavy emphasis placed upon characterization of ribosomal proteins, protein factors, etc. Ribosomal RNAs, on the other hand, have tended to be viewed as "structural," as providing a sort of scaffolding upon which to position the function-defining proteins. However, the fact (revealed first by nucleic acid hybridization [1] ) that ribosomal RNA sequence is highly conserved phylogenetleally suggests these molecules to be somewhat more than mere scaffolding. This has been borne out by a variety of studies, which provide evidence for the direct participation of 16S ribosomal RNA In messenger RNA selection [2-k], tRNA binding [5"7] , ribosomal subunit association [8] [9] [10] , and antibiotic sensitivity/resistance [llj.
In any case, this matter will soon be resolved. The capacity to determine nucleic acid sequences easily Is now at hand; for this reason alone a number of rlbosomal RNAs will ultimately be sequenced. The availability of the sequences of 16S and 23S rRNA from E_. col I [ 12-1 **] has made Is possible to begin attacking the problem of rlbosomal RNA secondary structure.
Experience with the small functional RNAs, 5SrRNA and tRNA, give an Indication of the problems that will be encountered in determining secondary structure for the much larger ribosomal RNAs.
In both of the former cases the secondary structure of the molecule was not established until comparative sequence data was employed [15, 16] During the final stages of this work, the sequence of maize chloroplast 16S rRNA [27] , human mitochondrlal 12S rRNA [28] , and a partial sequence for yeast 18s rRNA [29] became available. These sequences were Important In establishing one of the long-range Interactions (see below) and furthermore supply additional comparative evidence for a number of the helices In our proposed structure. In this paper, we have restricted our discussion to the E_. col I, B^. brevis and RNAse T. catalog sequence data.
By these methods we have identified a number of helical elements in 16S rRNA. Those meeting the comparative criteria are considered to be firmly established. The comparative approach In addition distinguishes among helices as to type and reveals features of non-helical regions as well.
Space limitations do not permit a complete reporting of our results In this journal. We present here a summary of the studies together with a few representative examples of the approach. A complete documentation will be published elsewhere.
MATERIALS AND METHODS (a) Computer analysis
Diagonal arrays of potential helical regions were generated by a computer program that will be published elsewhere. Separate runs were made for local Its proof demonstrates the power of the comparative approach (see Table 2 ) 
C -\ *.
• A good example is seen at positions 587-60V63't-652 in the molecule (Fig. 1); it is the putative binding site for protein S8 [ In contrast to the variable sequence helices, helices of highly conserved sequence also occur. A good example is the 783-786/796-799 helix (Fig. 3) cantly from ours. It should be noted that our structure is consistent with the experimental evidence presented by the latter authors.
Nothing is now known of the overall shape of the I6S rRNA beyond the loose constraints forced upon it by the long range helices and by gross physical measurements of the ribosomal subunit. There are no "knots" [kj] in the structure, a fact which may have important consequences for rlbosome assembly. We do not yet have any feeling for transitions that occur within the structure during its function: Do some helices unwind and alternate helices form, or helical arms move relative to one another during this function? Or, alternatively, Is all functional change of a more subtle, local nature, involving local shifting of bases within loops and other structures? What is the nature of the 16S-23S rRNA Interaction; does it Involve only the termini of the two molecules [48]--as has been suggested to prevent the formation of knots--or are numerous relatively short intermolecular helices formed, involving the single stranded segments In the loops and so on, of the two RNAs? Where precisely do the ribosomal proteins bind, and what is the manner of their binding? Most of the questions concerning the ribosome remain to be answered.
